The pallid bat (Antrozous pallidus) is a species of arid and semiarid western North America, inhabiting ecoregions ranging from desert to oak and pine forest. Considered primarily insectivorous predators on large arthropods but taking occasional small vertebrate prey, pallid bats were recently shown to be at least seasonally omnivorous; they demonstrate unusual dietary flexibility and opportunism in certain parts of their geographic range and at different times of year. In a few areas they take nectar from cactus flowers and eat cactus fruit pulp and seeds. Until recently mesquite bugs were primarily tropicalsubtropical inhabitants of Mexico and Central America but have since occupied the southwestern United States where mesquite trees occur. Pallid bats regularly use night roosts as temporary shelters in which to process and consume large arthropods caught near their foraging areas. Using a noninvasive method, we investigated the bats' diet by collecting food parts discarded by the bats beneath three night roosts in soil-piping cavities at the Cienega Creek Natural Preserve, Arizona. We also made phenological and behavioral observations of the mesquite bugs, Thasus neocalifornicus, and their interactions with the mesquite trees. The bats discarded inedible parts of at least 36 species in 8 orders of mainly large-bodied and nocturnal insects below the night-roosts. In addition, one partial bat wing represents predation upon a phyllostomid bat, Choeronycteris mexicana. About 17 of the insect taxa are newly reported as prey for pallid bats, as is the bat C. mexicana. The large majority of culled insect parts (88.8%) were from adult mesquite bugs. As nymphs, mesquite bugs are aposematically colored and secrete noxious pheromones; nymphs did not appear in the bat-culled insect parts. Adult mesquite bugs are darkly colored and secrete different noxious pheromones than the nymphs.
231 and collect the remains that had accumulated since our previous visit. We collected all pieces 232 from the larger concentrations of pallid bat prey that could easily be picked up by hand for later 233 identification. We attempted to collect all of the insect parts present on a given visit in order to 234 sample the overall diversity of species eaten but also to estimate the relative abundance in the 235 diet of the different insect species. Although this method possibly misses some smaller insects 236 taken in aerial hawking flight (not a preferred mode of foraging for pallid bats; O'Shea & 237 Johnston & Fenton, 2001) , our study reinforces previously published data about 238 the contribution of prey brought into night roosts to the total diet of pallid bats. We identified 239 insect parts by comparison with intact museum specimens in the Oklahoma Museum of Natural 240 History, Section of Recent Invertebrates, with descriptions in the literature, and with digital 241 images and relevant data archived online (e.g., www.Bugguide.net). Individual prey parts and 242 specimens collected in this study will be accessioned into the Department of Recent 243 Invertebrates at the Sam Noble Oklahoma Museum of Natural History, where the data will be 244 cataloged and made freely available to the public through GBIF and iDigBio online portals. 245 On 11 September 2002 we made preliminary observations and photographed mesquite 246 bug behavior in the mesquite bosque in late afternoon and early evening. We observed apparent 247 end-of-season mating and mortality of adult insects. We also recorded air temperatures and 248 relative humidity with a handheld electronic sensor outside one of the pallid bat night-roosting 249 cavities during the sundown-to-dark transition period to investigate the relationship of 250 temperature and humidity on adult activities late in the season. On the same date, we collected 251 several of the dead and dying mesquite bugs as voucher specimens. Hind leg parts (hind femurs 252 and hind tibias) allowed determination of the sex of the individual mesquite bugs eaten. Males 253 have inflated hind femurs with projecting spines while those of females are not inflated and lack 254 spines, and males have hind tibias ridged with a central bend and spur while females have a 255 straight hind tibia without a spur (Schuh & Slater, 1995) . 256 257 RESULTS 258 259 Among the insects observed at CCNP, mesquite bugs were common in the bosque, active and 260 feeding on mesquites. They followed the typical phenological cycle for tropical areas described 261 in the Introduction. We observed mesquite bugs as nymphs only early in the warm season ( Fig.  262 2). By late summer and early fall, all Thasus observed in the ciénaga area were adults. In late 263 summer the mesquite bugs could be seen flying all over the mesquite bosque, alighting on the 264 trees, and mating. When summer heat slowed, evapotranspiration was high, and there was a 265 marked diurnal-nocturnal temperature shift. Cooler air drains from the nearby mountains and 266 foothills and a strong down-canyon breeze flows into the bosque and ciénaga. By the end of 267 September and early October, the bugs continued mating but appeared to be succumbing to end 268 of season mortality, possibly due to intolerance of the decreasing nighttime temperatures. At this 269 time of year they became inactive at night and remained exposed on the periphery of the canopy 270 of the mesquite trees. On 11 September 2002 after the first few nights during which the 271 temperatures started to drop below about 21°C and the bugs were clustered out on the edges of 272 the branches, we observed individuals become immobile while mating, laying eggs, dying, and 273 falling to the ground (Fig. 2) . During the sundown-to-dark transition period on this same date, 274 air temperature decreased by 4.2°C, from 25.2° to 21.0°, while relative humidity increased by 275 16%, from 69% to 85%. The moribund and immobile adult mesquite bugs on the edge of the 276 canopy probably are easy seasonal prey for foliage-gleaning pallid bats, which retreat to the local 277 soil-piping cavities to eat them. Upon examination, the fallen bugs on the ground beneath 278 mesquites occurred singly or sometimes in mated pairs (one male and one female in each case). 279 We collected three pairs of the dead ones off the ground as voucher specimens. 280
By 29 September 2002, no live adult mesquite bugs were present in the vicinity of the 281 roosting cavities in the bottomland of CCNP. This was probably due to cold air drainage through 282 the bottomland, because live adults were active in nearby upland areas on the same date. On this 283 date, pallid bats also night-roosted on the caretaker's building porch in the upland, and many 284 moth wings but no mesquite bug parts were observed beneath the bats. On the night of 1 October 285 2002, the bats were again present in the porch roost but no new culled insect parts appeared, and 286 the number of pallid bats dwindled until 7 October when only 1 or 2 were present, and no guano 287 was present. 288
Pallid bats used only three of six available soil-piping cavities in the CCNP mesquite 289 bosque as night roosts during our study, although the other three cavities were sometimes 290 utilized by other species of bats, especially Choeronycteris mexicana (Mexican long-tongued 291 bat) in the summer. The soil-piping cavities ( Fig. 1 ) offered several characteristics that make 292 them suitable as night roosts for pallid bats: (1) enclosed space providing protection from the 293 weather and nocturnal flying predators; (2) easy access with from one to three entrances of 294 relatively large dimensions; (3) relatively spacious interior (in this aspect the cavities were 295 somewhat like the daytime roosts described by Vaughan & O'Shea, 1976 ) mostly unobstructed 296 except for occasional exposed mesquite roots; (4) high ceilings and steep walls, providing safety 297 from ground and climbing predators, respectively; (5) rough ceiling surface texture providing 298 secure grip for the bats' thumb claws, hind claws, or both while processing insect prey; (6) 299 proximity to at least part of the bats' foraging area, and to at least one observed day roost. 300
Within the soil-piping cavities the insect pieces dropped by the pallid bats were 301 concentrated across a small area of the floor on clods of collapsed soil that had fallen from the 302 ceiling ( Fig. 1c, d ). Large guano pellets, often stained red from the mesquite bugs, attributable to 303 the pallid bats roosting there occurred within the concentrations of culled insect parts on the floor 304 of the soil-piping crevices. Uncommon and scattered insect parts were occasionally found distant 305 from these dense concentrations in the same soil-piping cavities, and probably represented prey 306 remains culled by other species of bats. Three other species of bats were observed using the 307 cavities rarely. Two of these were smaller species than Antrozous pallidus (which has a body 308 weight of 20-35 g; Harvey et al., 2011). On one occasion we observed four cave myotis, Myotis 309 velifer (body weight 12-15 g) clustered in a small soil pipe in the ceiling not far from one of the 310 cavities used by A. pallidus. On two consecutive days in January 2001 in a different area we 311 observed an individual of Townsend's big-eared bat, Corynorhinus townsendii (body weight 8-14 312 g), in hibernation. Because the isolated culled insect fragments could have represented feeding 313 by these other species, they were not collected or included in our study. The guano pellets of 314 these smaller bat species in other parts of the soil piping cavities were smaller than pallid bat 315 guano and were never stained red like the pallid bat scats. For pallid bats, mean scat diameter = 316 3.065 mm, mean length = 7.783 mm (n = 23); for Townsend's big-eared bats, mean diameter = 317 1.929 mm, mean length = 3.786 mm (n = 7); for cave myotis, mean diameter = 2.036 mm, mean 318 length = 4.036 mm (n = 14). The Mexican long-tongued bat, C. mexicana (body weight 10-25 g), 319 also used soil-piping cavities at CCNP, but it was never found roosting in the same cavity as 320 pallid bats. The Mexican long-tongued bat is a specialized nectar and pollen feeding bat whose 321 guano lacks visible insect fragments, is primarily composed of pollen sometimes with bits of 322 anthers and filaments from the stamens, and forms yellowish or reddish-brown splats beneath its 369 grasshopper, Schistocerca nitens, represented in February 2002 by 19 forewings and 57  370 hindwings.  371  372  373 DISCUSSION  374 375 Ross (1967) and subsequent authors have compiled an impressively long list of arthropod prey 376 species taken by pallid bats. Because of the relative ease with which culled insect parts can be 377 collected beneath bat roosts and identified, the list continues to grow. Our results add 18 taxa not 378 previously recorded as pallid bat prey to the overall list. Pallid bats are clearly important 379 predators on a broad diversity of insects and other arthropods, as well as occasional small 380 vertebrates, and even cactus nectar and fruit pulp and seeds in certain parts of their range (Frick 381 et al., 2009; 2013; 2014; Aliperti et al., 2017) . Pallid bats in our study fed upon large moths as 382 well as large beetles; Freeman & Lemen (2007) indicated that beetles were about 3.2 times 383 harder than moths of the same body size, but that body size or volume of the insect also was 384 important in cuticle toughness. In other words, some large-bodied moths have a chitinous cuticle 385 that is tougher than some smaller-bodied beetles. Freeman & Lemen (2007) hypothesized that as 386 aerial feeders some bats must limit the upper size of insects they eat, because insects that are too 387 large cannot be processed orally in flight, especially for a bat species that depends heavily on 388 being able to continue echolocating to fly. Some of these bats might capture prey that are too 389 tough to process orally in flight and must land to process the prey captured. These authors also 390 hypothesized that harder insects might take longer for bats to chew and thus limit the upper size 391 of certain taxa of insects taken, which varies among insect taxa. Borell (1942) observed a pallid 392 bat landing and hanging head-up by its thumb claws and using its interfemoral membrane as a 393 pouch to help while processing some insects, then dropping the unwanted remains from the 394 membrane as it returned to foraging. 395 In our study, the higher numbers of large, armored, and cumbersome legs and other body 396 parts of mesquite bugs found beneath roosts relative to other taxa of insects suggests that 397 mesquite bugs might be more difficult for pallid bats to process than other kinds of insects. 398 Possibly the bats preferentially or necessarily bring mesquite bugs to a night-roost for processing 399 compared to other less-cumbersome insect taxa. Mesquite bugs have a small head, thorax, and 400 abdomen with large legs relative to most of the beetles and moths represented in the bats' diet. 401 Perhaps the relative ease with which mesquite bugs are located or secured in late summer or 402 early autumn counterbalances the energy and time needed to commute to a night roost to process 403 them. The size and hardness of many of the insects eaten by pallid bats suggests there is a large 404 upper size limit to what insects pallid bats are capable of processing and eating. In the CCNP 405 area, Palo Verde Root Borer Beetle (Derobrachus germinatus: Cerambycidae) is perhaps the 406 largest insect in the area; adults can reach 76-89 mm in length. This large insect was not 407 represented in the diet of pallid bats in our study, although Ross (1961) reported Derobrachus as 408 food for pallid bats in southern Arizona. Mesquite bugs (Thasus) are among the largest terrestrial 409 heteropterans known (Forbes & Schaefer, 2003) and are 28-43 mm in body length. 410
As noted above, most of the insects eaten by the pallid bats are nocturnal, although 411 several species represented in our study are diurnal. Most day-active insects are inactive or quiet 412 during the night. Therefore, for bats that must be able to hear prey-generated sounds of motion to 413 find prey, the prey list largely supports the assertion of Body parts of adult mesquite bugs (Thasus neocalifornicus) discarded by night-roosting pallid bats and collected in soil-piping cavities in Cienega Creek Natural Preserve.
